1. Introduction {#sec1}
===============

Bronchiolitis obliterans syndrome (BOS) is the most serious form of pulmonary graft-versus-host disease (GVHD) and is clinically characterized by obstructive airflow disease and pathologically by circumferential fibrous scar tissue targeting the small airways \[[@bib1],[@bib2]\]. The prevalence of BOS is estimated to be 2--3% in allogenic hematopoietic stem cell transplantation (Allo-HSCT) recipients and 6% in chronic GVHD patients \[[@bib2]\]. Although BOS patients are typically treated with immunosuppressive agents, there is no strong evidence that any specific therapies are effective in improving long-term outcomes. As such, the mortality rate remains high \[[@bib2]\]. Exercise capacity outcomes, such as 6 min walk distance (6MWD) and peak oxygen consumption (VO~2peak~), are strong prognostic indicators for mortality in chronic lung disease \[[@bib3]\]. Therefore, we attempted to implement a pulmonary rehabilitation (PR) program in patients with BOS to observe its' effectiveness and safety.

2. Case description {#sec2}
===================

Outpatient-based PR, consisting of breathing retraining, inspiratory and expiratory muscle strengthening, and aerobic and resistance exercise, was prescribed. To strengthen the respiratory muscle, POWERbreathe® K5 (POWERbreathe International Ltd., Warwickshire, United Kingdom) and Threshold IMT®/PEP® (Philips Respironics, Monroeville, PA, USA) were used. Patients performed the aerobic exercise program on a treadmill, which consisted of a 5-min warm-up at 50% of heart rate reserve (HRR), followed by four of 3-min intervals at 60--85% of HRR, with three recovery periods of 3 min at 50% of HRR and a 5 min cool-down at 50% of HRR. The intensity of the interval began at 60% of HRR and gradually increased with improvements in the patients\' exercise capacity. In all training sessions, a telemetry monitoring system (Central Nursing Station CNS-6201, Nihon Kohden, Tokyo, Japan) was used to monitor the patients\' electrocardiograms, heart rate (HR), and oxygen saturation. Furthermore, medical staff checked each patient\'s subjective rate of perceived exertion. To evaluate the outcomes after PR, each patient underwent a cardiopulmonary exercise test (CPET), pulmonary function test (PFT), 6 MWD test, and their modified Medical Research Council (mMRC) dyspnea scale score was checked.

Demographic data for 4 cases are summarized in [Table 1](#tbl1){ref-type="table"}. Changes in exercise capacity and pulmonary function are summarized in [Table 2](#tbl2){ref-type="table"}. Written informed consent for publication of the clinical data was obtained from all patients.Table 1Demographic and medical records of 4 cases.Table 1Case 1Case 2Case 3Case 4Age42192855SexFemaleMaleMaleMaleBMI15.117.818.521.7Cause of HSCTAMLAMLAAMDSBOS onset time after HSCT14 months8 months6 months20 monthsThe period between BOS diagnosed and PR starting5 years1 year7 days2 yearsPR duration3 month2 month3 month2 monthmMRC[a](#tbl1fna){ref-type="table-fn"}3222[^1][^2]Table 2Changes of exercise capacity and pulmonary function, before and after PR.Table 2VariablesCase 1Case 2Case 3Case 4**VO**~**2peak**~**(ml/kg/min)**Baseline15.718.422.720.0After PR18.422.826.625.7Change rate (%)+17.2+23.9+17.2+28.5**6 MWT (m)**Baseline215450456480After PR297534558582Change rate (%)+38.1+18.7+22.4+21.2**Resting heart rate**Baseline11611210389After PR95978678Change rate (%)−18.1−13.4−16.5−12.4**Maximal heart rate**Baseline130167136137After PR135161134151Change rate (%)+3.9−3.6−1.5+10.2**mMRC**Baseline3222After PR2211**FVC (%)**Baseline44557674After PR71718780Change rate (%p)+27+16+11.8+8.1**MIP (cmH**~2~**0)**Baseline707145101After PR1049169107Change rate (%)+48.6+28.2+53.3+5.9**MEP (cmH**~2~**0)**Baseline83516893After PR898981102Change rate (%)+7.2+74.5+11.8+9.7**FEV**~1~**(%)**Baseline26414637After PR27424437.8Change rate (%p)+1+1−2+2.1[^3]

2.1. Case 1 {#sec2.1}
-----------

This patient underwent Allo-HSCT for acute myeloid leukemia. She was diagnosed with BOS using high-resolution computed tomography ([Fig. 1](#fig1){ref-type="fig"}) 14 months after HSCT and was referred to the PR clinic with complaints of dyspnea. This patient was using a portable oxygen concentrator and her mMRC scale score was 3. She used inhaled corticosteroids, long-acting beta agonists (LABA) and long-acting anticholinergic agents (LAAC). She underwent comprehensive PR three times per week for 12 weeks at the PR clinic. After 12 weeks in the PR program, her mMRC scale score decreased from 3 to 2, and she was able to discontinue the use of the oxygen concentrator during the daytime. Her VO~2peak~ increased from 15.7 to 18.4 ml/kg/min, and 6MWD also improved from 215 m to 297 m. Moreover, her resting HR decreased from 116 to 95 beats/min. For her PFT results, forced vital capacity (FVC), maximal inspiratory pressure (MIP), and maximal expiratory pressure (MEP) increased after PR. However, forced expiratory volume in 1 s (FEV~1~) demonstrated no significant changes.Fig. 1High-resolution computed tomography image of patient 1. Multifocal ground-glass opacities with multifocal bronchial wall thickening, mild bronchial wall dilatation, and suspicious mosaic attenuation areas in both lungs.Fig. 1

2.2. Case 2 {#sec2.2}
-----------

This patient was also diagnosed with acute myeloid leukemia and underwent Allo-HSCT. He visited the PR clinic 1 year after being diagnosed with BOS. He complained of dyspnea on exertion, with an mMRC scale score of 2. Inhaled LAAC was used to control his BOS. He participated in a PR program two times per week for 8 weeks, after which his exercise capacity significantly improved and he was able to return to school. His resting HR decreased from 112 to 97 beats/min. FVC, MIP, and MEP were also increased, while FEV~1~ remained unchanged.

2.3. Case 3 {#sec2.3}
-----------

This patient was referred to the PR clinic for worsening PFT results. He was enrolled in the PR program immediately after being diagnosed with BOS. He had been diagnosed with severe aplastic anemia. Although he underwent Allo-HSCT, he experienced secondary haploidentical HSCT due to engraftment failure. He was prescribed an inhaled corticosteroid, LABA, LAAC and a leukotriene receptor antagonist. When he first visited the PR clinic, his mMRC scale score was 2. He participated in a PR program two times per week for 12 weeks at the PR clinic. However, his attendance rate in the PR program was low. Multiple comorbidities, including pneumonia, chest wall pain and depression, prevented his participation in PR. After 16 sessions of PR were completed in a 12-week period, his VO~2peak~ improved by 17%. However, his FEV~1~ was not markedly altered.

2.4. Case 4 {#sec2.4}
-----------

This patient underwent HSCT due to myelodysplastic syndrome. He was referred to the PR clinic with complaints of dyspnea on exertion. His mMRC scale score was 2. An inhaled corticosteroid, LABA, LAAC, and leukotriene receptor antagonist were prescribed. He underwent comprehensive PR three times per week for 8 weeks, after which his mMRC scale score improved from 2 to 1. His VO~2peak~ increased from 20.0 to 25.7 ml/kg/min. His resting HR decreased from 89 to 78 beats/min. Moreover, his FEV~1~ was slightly increased.

3. Discussion {#sec3}
=============

Most PR strategies and research have focused on patients with chronic obstructive pulmonary disease (COPD). However, more recent studies have demonstrated the effectiveness of PR for other chronic respiratory diseases \[[@bib4],[@bib5]\], although the effect of PR in patients with BOS has not been extensively studied \[[@bib1]\].

BOS and COPD share similarities in pathophysiology and symptoms, although the causes of both differ \[[@bib6]\]. BOS affects the small airways and is characterized by progressive fixed air flow obstruction \[[@bib7]\]. Individuals with COPD also exhibit airway obstruction with hyperinflation of the lung affecting the small airways. Furthermore, patients with BOS and COPD exhibit respiratory and skeletal muscle weakness, which is associated with pulmonary function and exercise intolerance \[[@bib2],[@bib6],[@bib7]\]. Based on these similarities, we investigated the effects of PR in patients with BOS.

To our knowledge, this was the first study to directly evaluate measures of exercise capacity in BOS patients through CPETs. PR objectively improved the VO~2peak~ in BOS patients by 17%--28%. Moreover, 6MWD showed improvement of more than 54 m in all 4 patients. The 6MWD is widely used to measure the functional status of patients with cardiopulmonary diseases and the minimal clinically important difference is estimated to be 54 m.\[[@bib8]\] Increased 6MWD after PR could be interpreted as objectively showing the efficacy of PR in patients with BOS. Considering that VO~2peak~ is a strong predictor of mortality in chronic lung disease, it will be necessary to recommend PR for patients with BOS.

However, improvement of pulmonary function after PR remains controversial \[[@bib9]\]. In particular, FEV~1~ is used as marker for pathophysiological changes in chronic lung disease because it reflects airway resistance and elastic recoil \[[@bib10]\]. In our cases, we found no remarkable changes in FEV~1~ compared with increases in FVC, MIP, and MEP. We speculate that the efficacy of PR arises from a peripheral training effect, thus relieving symptoms and improving exercise capacity. However, it may be difficult to alter the progression and pathophysiology of BOS through PR.

High resting HR in COPD patients is known to be caused by hypoxia, autonomic dysfunction, decreased stroke volume, and left ventricular size \[[@bib11]\]. Many recent studies have investigated the relationship between mortality in COPD and resting HR. Although we found a high resting HR in our 4 BOS patients, they experienced a decrease in resting HR after the PR sessions. One aspect of the PR program, aerobic exercise, appeared to play a major role in decreasing resting HR in BOS patients. Similar to COPD, by correcting autonomic dysfunction, hypoxia, and increasing oxygen utilization in the peripheral muscles, PR may help reduce resting HR in patients with BOS.

These cases showed progressively decreased pulmonary function and daily activities after BOS diagnosed. Moreover, PR began more than a year after the BOS diagnosis in 3 out of 4 of our cases. However, through more than 2 months of PR, these cases showed improvements in FVC, MIP, MEP and peak oxygen uptake. PR should be considered as a treatment option for BOS patients earlier in clinical practice.

In conclusion, our case series demonstrated that PR could be beneficial for BOS patients by improving subjective symptoms, lung capacity, respiratory muscle strength, and exercise capacity. However, more research is required to accumulate further evidence that supports the efficacy of PR as well as to investigate the long term effects with additional patients.
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[^1]: BMI = body mass index, HSCT = hematopoietic stem cell transplantation, AML = acute myeloid leukemia, AA = aplastic anemia, MDS = myelodysplastic syndrome, mMRC = modified medical research council dyspnea scale.

[^2]: mMRC scale, when first visited PR clinic.

[^3]: 6MWT = 6 minute walk test, FVC = forced vital capacity, FEV~1~ = forced expiratory volume in the first second of expiration, mMRC = modified medical research council dyspnea scale, MIP = maximal inspiratory pressure, MEP = maximal expiratory pressure.
